There was no indication for geographical restriction of strains, since identical sequences originated from geographically distant lakes. About 28% of the analyzed colonies gave rise to multiple bands in DGGE profiles, indicating either aggregation of different colonies, or the occurrence of sequence differences between multiple operons. Cyanobacterial community profiles from two Dutch lakes from which colonies had been isolated showed different relative abundances of genotypes between bloom stages and between the water column and surface scum. Although not all bands in the community profiles could be matched with isolated colonies, the profiles suggest a dominance of nontoxic colonies, mainly later in the season and in scums.
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Mass occurrences (blooms) of toxic cyanobacteria from the genus Microcystis constitute a threat to the safety and ecological quality of surface waters worldwide. The most prominent toxin produced by Microcystis is the hepatotoxin microcystin, a cyclic heptapeptide which is formed nonribosomally by peptide and polyketide synthetases (3) . Proper assessment of the hazards of Microcystis blooms necessitates rapid and reliable methods for microcystin detection. For predictions of the development of microcystin concentrations, tools and insights for understanding the dynamics of microcystin production are required. Environmental factors may affect microcystin production in Microcystis cultures by a factor of 3 to 4 (24) . However, the capability for microcystin production as such is genetically determined. Strains isolated from the same bloom sample are constitutively microcystin producing or nonproducing (15, 19, 28) , and the types and cellular content of microcystins may differ considerably between strains (2, 16, 28) . The decisive factors determining the toxicity of a bloom are therefore the ratio of microcystin-producing and non-microcystin-producing genotypes and the amounts and variants of microcystins produced by individual cells (4, 23) .
Understanding of the community composition and dynamics of microcystin-producing and non-microcystin-producing Microcystis strains in the field is very limited, due to a lack of suitable identification methods. Traditional characterization of Microcystis based on morphological features is very difficult, and the differentiation that can be attained below genus level is limited. Moreover, transition between morphological characteristics has been observed (20) . Identification difficulties may partly explain why correlations between morphology and toxicity have proven to be unreliable (6, 13, 21) , emphasizing the need for identification independent of morphological characteristics. Molecular biological methods provide more reliable tools for recognition of Microcystis strains and their properties.
A number of studies have targeted the microcystin synthetase (mcy) gene cluster (5, 25) for the identification of toxic Microcystis strains. This approach has the obvious advantage of a direct relationship between gene detection and toxin production provided that nontoxic strains do not possess the gene. Detection by PCR of the mcyB gene, the mcyA gene, or the adenylation domain within the microcystin synthetase gene cluster showed good correlation with microcystin production, but some anomalies were found. A small number of Microcystis strains tested positive for the mcy gene cluster but lacked detectable microcystins (10, (16) (17) (18) 26) . Homology of the mcyB region or adenylation domains with other loci (5, 18, 26) or even the presence of the mcy gene cluster in some nontoxic Microcystis (18) strains may explain these discrepancies. The toxic potential of a bloom cannot be determined solely by the isolation and cultivation of strains, due to the biases and limitations inherent to studies of cultured isolates. Toxic strains can be isolated from field samples with undetectable toxin concentrations, and conversely, cultivation of toxic strains from toxin-containing samples can be unsuccessful (28) . Therefore, genetic analyses have also been done on colonies collected directly from the water. Pooled size classes or individual colonies were used to investigate the relation between toxic genotypes, based on the detection of mcyB genes, and colony size (12) or morphospecies (13) .
In the study presented here, we used an alternative approach to characterize toxic and nontoxic Microcystis colonies in natural populations independent of mcy gene detection. Colonies were isolated directly from water samples, the presence of microcystins was examined by means of matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS), and they were differentiated at high resolution based on sequences of the rRNA internal transcribed spacer (ITS). This gene fragment is known to differ considerably between Microcystis strains (9, 21) . We show that differentiation of the rRNA ITS by denaturing gradient gel electrophoresis (DGGE) or sequencing is sufficient for resolving the identification of toxic and nontoxic Microcystis genotypes in single isolated colonies and in natural samples.
The benefits of this approach for analysis of Microcystis community composition and dynamics in relation to the toxicity of a water body are discussed.
MATERIALS AND METHODS
Colony isolation and characterization. Sampling for colony isolation was carried in the summer of 2001 in 15 water bodies from 9 European countries and Morocco by net hauls with a plankton net (40-m mesh size). The samples were kept cool until they were processed, in each case within 14 days after collection. Colony isolation and morphological description were standardized in the course of a workshop in July 2001 (L. Via-Ordorika, J. Fastner, M. Hisbergues, E. Dittmann, M. Erhard, J. Komarck, R. Kurmayer, and I. Chorus, unpublished data). For colony isolation, samples were diluted and single colonies were picked out by using thin Pasteur pipettes or forceps under binocular microscopes. Colonies were washed in BG11 medium (22) to dispose of any visible secondary colonies or other cyanobacteria and algae. Morphological classification was done by using the criteria proposed by Komárek and Anagnostidis (11) . Eight morphotypes were identified, mostly Microcystis aeruginosa and Microcystis ichthyoblabe and less frequently Microcystis botrys, Microcystis flos-aquae, Microcystis panniformis, Microcystis viridis, Microcystis wesenbergii, and Microcystis novacekii (Via-Ordorika et al., unpublished). Colonies were transferred into a reaction tube (0.5 ml) containing culture medium (final sample volume, 4 to 30 l), and the presence of each colony in the tube was verified microscopically. The tubes were frozen (liquid nitrogen) and thawed several times to disintegrate the colonies and stored at Ϫ20°C. Aliquots from each tube were used for gene amplification and for MALDI-TOF MS. In 123 of 151 colony samples we obtained, the presence or absence of toxins had been determined by MALDI-TOF MS, and in 111 of these colonies, the toxin production capacity had been confirmed by PCR detection of the mcy gene. The 28 colonies that had not yielded any MALDI-TOF MS signal were typified as colonies of unknown toxin production. Eight such colonies had been characterized by mcy PCR only.
Cell counts and DNA isolation from natural samples. Lakes 't Joppe and Zeegerplas are eutrophic lakes (maximum depth, approximately 25 m) which are stratified during summer.
Samples were taken from the water column in both Lake 't Joppe and Lake Zeegerplas in June and August and in Lake 't Joppe only in September 2001. On the latter two sampling dates, surface scums were collected in Lake 't Joppe. Water samples were collected 0.5 m below the surface or from surface scum in sterile bottles in the middle of the lake. For counting, water and scum samples were preserved with Lugol's iodine directly after sampling and stored at 4°C. Water samples were concentrated by sedimentation and counted by inverted light microscopy by using a Sedgewick-Rafter counting chamber (Pyser-SGI Limited, Edenbridge, Kent, United Kingdom). In water samples containing high Microcystis colony densities and in scum samples, Microcystis colonies were first disintegrated. For that purpose, 20 ml of fixed sample was collected on a 45-mm-diameter, 0.45-m-pore-size HA membrane filter (Millipore, Bedford, Mass.), and the filter was transferred to an Erlenmeyer flask containing 20 ml of 0.01 M KOH and incubated for 30 min at 80°C. The disintegrated sample was transferred to a test tube and vortexed for 60 s, and single Microcystis cells were counted as described above. For DNA isolation, water or scum samples of 250 ml, or less if the filter clogged, were filtered over a 25-mm-diameter, 0.2-mpore-size mixed esters filter (ME 24; Schleicher & Schuell, Dassel, Germany), and the filters were processed as described before (9) .
Microcystin analysis. MALDI-TOF MS measurements were performed as described previously (6; Via-Ordorika et al, unpublished). Mass signals indicative for known microcystins were in most cases further analyzed by recording fragment ions by using postsource decay (PSD). For microcystin analysis by highperformance liquid chromatography, a 100-to 500-ml water column or scum sample was filtered over glass microfiber filters (25-mm-diameter GF/C; Whatman, Maidstone, United Kingdom). From dense scum samples, 2 ml was transferred to microcentrifuge tubes without filtration. Filters and tubes were stored at Ϫ20°C until further processing. After lyophilization, filters and scum samples were extracted with aqueous methanol (7). Microcystins were analyzed by reverse-phase high-performance liquid chromatography with diode array detection (14) .
PCR amplification. DNA from isolated Microcystis colonies was amplified by a nested PCR protocol. First, cyanobacterium-specific 16S rRNA primer CYA 371F and universal 23S rRNA primer ULR were used for amplification of a major part of the 16S, the ITS, and a short section of the 23S from the rRNA gene. The resulting PCR product was diluted and used as a template for a second amplification with cyanobacterium-specific 16S rRNA primer CSIF in combination with ITS primer 373R (amplifying part of the rRNA ITS, ITSa) or in combination with 23S rRNA primer ULR (amplifying the entire rRNA ITS, ITSc) (9) . For amplification of DNA isolated from natural samples, only the latter PCR protocol was used. Primer sequences and PCR conditions were according to those described in reference 9. Primer CYA 371F had the sequence 5Ј-CCT ACG GGA GGC AGC AGT GGG GAA TTT TCC AC-3Ј. Primer CSIF had the sequence 5Ј-GYC ACG CCC GAA GTC RTT AC-3Ј plus a 40-nucleotide GC clamp added to the 5Ј site when PCR products were used for DGGE analysis. Primer 373R had the sequence 5Ј-CTA ACC ACC TGA GCT AAT-3Ј, and primer ULR had the sequence 5Ј-CCT CTG TGT GCC TAG GTA TC-3Ј. DGGE profiling. DGGE was performed as described earlier (9) . To enable comparison between DGGE gels of rRNA ITS bands from colonies, each new batch of colonies was analyzed together with a mixture of colonies assigned to different groups and thus representing different gel positions. A marker for band positions in ITSa DGGE gels from natural samples was composed of ITSa amplicons from the following strains of cyanobacteria and a prochlorophyte: IMS101 (Trichodesmium erythraeum), CYA146 (Pseudanabaena catenata), CYA126 (Planktothrix aghardi), PCC9006 (Prochlorothrix hollandica), ATCC 29413 (Anabaena variabilis), CYA 135 (Anabaenopsis arnoldii), S2, K29, PCC7820, SAG17.85 (Microcystis sp.), and isolated Microcystis colonies K16 and K55 (Table 1) . A marker for gel positions in ITSc DGGE was composed of DNA amplified with ITSc primers from the following cyanobacterial strains: IMS101 (T. erythraeum), CYA99 (Lyngbya sp.), PCC73110 (Leptolyngbya sp.), PCC6803 (Synechocystis sp.), 1401/7CCAP, S2, V91, Z11, CYA140, PCC7806, PCC7820 (Microcystis sp.), and two excised and reamplified bands from Aphanizomenon isolate T33. For more details on the cyanobacterial cultures, refer to reference 9.
Sequencing and sequence analysis. Isolated colonies that produced DGGE profiles with single bands were used directly for sequencing. DNAs from colonies that produced multiple bands in DGGE profiles and from bands in DGGE profiles from natural lake water samples were obtained as follows. A small piece of gel from the middle of the target band was excised from the DGGE gel and incubated in 50 l of sterile milli-Q purified water for 24 h at 4°C. The eluent was reamplified with the original primers and run on DGGE to confirm its identity. DNA for sequencing was amplified with primers without a GC clamp, and the PCR 3980 JANSE ET AL. APPL. ENVIRON. MICROBIOL.
products were purified and sequenced by Baseclear Labservices (Leiden, The Netherlands). If possible (colonies K60, K105, and K106) ( Table 1 ; see Fig. 2 ), sequencing of two ITSa bands resolved ambiguous base calls resulting from a mixture of sequences that were not separated by using ITSc DGGE. This was not possible for colony K112, which had many ambiguous base calls in the 3Ј site of the rRNA ITS. Sequences were deposited at EMBL (see below). Similarity with sequences deposited in GenBank, EMBL, and DDBJ was checked by using the program BLAST (1) (via http://www.ncbi.nlm.nih.gov/BLAST/). Sequences from the rRNA ITS region a Morphospecies assignment and lake of origin are given for each colony. Based on the positions of their bands in the ITSa and ITSe DGGE profiles, colonies K1 to K151 were assigned group numbers. Classes of colonies were distinguished on the basis of combined ITSa and ITSc grouping. Colonies in boldface type contained microcystins as determined by MALDI-TOF MS or, in a few cases, by amplification of the mcy gene. Toxin production data were lacking for colonies indicated by asterisks. Colony classes were organized in three groups: one with classes containing toxin-producing colonies, one with nontoxic colony classes, and one with classes of colonies of unknown toxin production. The few colonies of unknown toxin production that classified with toxic or nontoxic colonies ended up in the group of either. Bands of underlined colonies were sequenced. The suffix "-u" refers to the upper band in the ITSc DGGE profile from a colony, the suffix "-m" refers to the middle band, and the suffix "-l" refers to the lower band. If the upper and lower bands from a particular colony have the same group assignment for, e.g., ITSa, this means that there is one band in the ITSa profile and two bands in the ITSc profile. Note that if a mixture of 2 sequences gave rise to 2 ITSa and 2 ITSc bands, their relative band positions (meaning upper or lower) may be reversed. ND, not determined. were obtained from GenBank, EMBL, and DDBJ and were aligned by using the programs ClustalW, the BioEdit Sequence Alignment Editor (8) , and the program package ARB (www.ARB-home.de). Treecon software (27) was used for the construction of distance trees from aligned sequences. The neighbor-joining method was used with multiple substitutions corrected by the method of Jukes and Canter. One thousand bootstrap trials were performed. Nucleotide sequence accession number. Sequences were deposited at EMBL and were assigned accession numbers AJ605140 to AJ605221 for sequences from isolated colonies and AJ619633 to AJ619663 for sequences from bands excised from DGGE profiles of natural samples.
RESULTS

Isolation and characterization of
Differentiation of colonies based on rRNA ITS DGGE. To enable discrimination of Microcystis colonies based on the rRNA ITS, DNA fragments ITSa (spanning part of the 16S rRNA and part of the rRNA ITS) and ITSc (spanning part of the 16S rRNA and the entire rRNA ITS) were amplified and analyzed by DGGE (9) . A nested PCR protocol was used to maximize DNA retrieval from the small quantities of cells in colony aliquots that remained after the analyses described above. Of a total of 151 sample aliquots, 107 yielded PCR products. Successful amplification was only slightly biased for lake of origin (between 70 and 100% of the colonies originating from a lake yielded PCR products, with the exception of 25% from the Brno reservoir), morphospecies assignation (between 60 and 85% of the colonies assigned to a morphospecies yielded PCR products, with the exception of the two M. viridis colonies), and presence of toxins (75% of both toxic and nontoxic colonies and 48% of the colonies of unknown toxin production yielded PCR products). Consequently, the collection of colonies that was subjected to DGGE analysis contained Microcystis colonies derived from all 15 water bodies and covering all morphospecies except M. viridis. Toxin production data were available for 96 of the 107 colonies that yielded PCR products.
Colonies were differentiated on the basis of the position of their rRNA ITS amplicons on DGGE gels (Fig. 1) . Based on ITSa DGGE, colonies could be differentiated into 27 different groups ( Table 1 ). The longer ITSc amplicons showed smaller differences in migration on DGGE, and colonies could be differentiated into 19 different groups (Table 1) . Most colonies (76 of 107) yielded ITSa as well as ITSc DGGE profiles containing one sequence. However, several colonies gave rise to profiles with two or more bands (Fig. 1, colonies K61, K63 , and K70). Eleven colonies yielded two bands both in ITSa and ITSc profiles (e.g., K63), 14 colonies yielded profiles with one ITSa band and two ITSc bands (e.g., K147), and 5 colonies had profiles with two ITSa bands and one ITSc band (e.g., K112) ( Table 1 ). In the eight profiles with three or four bands (e.g., colony K70) (Fig. 1) , the upper one or two bands were heteroduplexes, as shown through excision of these bands, followed by reamplification and DGGE analysis. Only one colony (K119) appeared to contain three different (nonheteroduplex) bands in ITSa DGGE profiles.
Classification of colonies based on the combined ITSa and ITSc DGGE profiles clearly separated toxic and nontoxic colonies (Table 1) . From the 59 classes that could be distinguished by ITSa plus ITSc DGGE, 19 classes contained only toxic colonies (plus two colonies of unknown toxin production in the class formed by ITSa group 1 and ITSc group 5, designated class 1a/5c). The other classes were derived from nontoxic colonies (31 classes) or from colonies of unknown toxin production (9 colonies).
Only one colony (K100, class 18a/18c) which was identified as toxic could not be differentiated from nontoxic colonies on the basis of ITS DGGE. However, toxin identification in this colony was ambiguous, since a mass signal that is indicative for microcystin-LR and also for another cyanopeptide could not be further analyzed by PSD analysis due to lack of colony material (Table 1) . Consequently, reliable identification of toxic and nontoxic Microcystis colonies could be achieved on the basis of ITSa plus ITSc DGGE profiles. DGGE of ITSa or ITSc alone was not a sufficient determinant for differentiation of toxic and nontoxic colonies. In ITSa group 11 for instance, nontoxic colonies grouped with a majority of toxic ones (Table 1) .
There was no apparent relation between morphospecies and classification based on rRNA ITS DGGE profiles, since colonies from each morphospecies were assigned to different ITS DGGE classes. Also, with the exception of Lake Frederiksborg Sløotssøo (Denmark), each lake yielded colonies from multiple ITS DGGE classes. Hence, multiple colonies in an ITS DGGE class were in most cases isolated from different lakes and assigned to different morphospecies (Table 1) .
rRNA ITS sequences from colonies. To substantiate the DGGE-based division of colonies and to allow in-depth analysis of the Microcystis classes that were identified, DNA fragments covering ITSc were sequenced from colonies representative of most of the classes listed in Table 1 Sequences differed between DGGE classes and were typically identical within a class. Nevertheless, a 1-bp substitution in the 5Ј region of the rRNA ITS distinguished sequence 12 from 15-l in class 8a/5c, and a substitution in the 16S rRNA distinguished 10-u from the other sequences in class 11a/5c. This sporadic sequence variability in colonies within a DGGE classes could be explained by the position of the variation in the 5Ј highmelting domain of the amplicons, where base differences do not result in altered migration on DGGE. In contrast, if positioned in the 3Ј lower-melting domain, differences of only 1-bp could be detected clearly, as illustrated by the upper and lower bands from, e.g., colony K41 (11a/5c and 11a/10c). A phylogenetic tree was constructed (Fig. 2) based on an alignment of the 78 rRNA ITS sequences from our Microcystis colonies and of 47 Asian Microcystis strains of known microcystin production sequenced by Otsuka et al. (21) . Colonies from different DGGE classes ended up in separate branches. Every unique sequence, occupying a distinct branch, was derived from either a microcystin-producing colony or a non-microcystin-producing colony. Therefore, rRNA ITS sequences were well suited for recognition of toxic and nontoxic genotypes. Similar to what was found for differentiation based on DGGE, the only incongruity was formed by toxic colony K100, which had an ITS sequence identical to that of nontoxic colonies K87 and K89 (Table 1 , class 18a/18c and above). Clustering of sequences from microcystin producers and from nonproducers was observed (Fig. 2) .
Community profiles from original field sample. To investigate to what extent the isolated colonies represented the cyanobacterial community in their lakes of origin, we analyzed ITSa and ITSc DGGE profiles from the water samples from which most colonies had been harvested. Cell counts of cyanobacteria and microcystin concentrations in these samples are given in Table 2 , and the cyanobacterial ITSa and ITSc DGGE profiles are shown in Fig. 3 . In the ITSa community profile from Lake 't Joppe, we detected 12 bands (4 of which were less distinct) in the lower part of the gel, where Microcystis sequences were expected, and 6 bands in the upper part. In Lake Zeegerplas ITSa profiles, 8 different Microcystis bands (2 less distinct) were discernible. ITSc DGGE yielded, for both lakes, profiles with 8 bands (1 less distinct) in the lower part of the gels. For identification of the Microcystis strains present in natural samples, bands at different positions in the ITS profiles were excised and reamplified, and their position and purity were verified on DGGE. Sequences were retrieved from the bands indicated in Fig. 3 and Table 3 . Compared to ITSa profiles, retrieval of pure bands for sequencing proved more difficult from ITSc profiles.
A BLAST search revealed that bands e1, e18, e19, e20, and e27, excised from the upper part of the gels, were derived from Anabaena, Aphanizomenon, and Synechocystis, whereas all other bands contained Microcystis sequences. Sequences from most of the bands excised from ITSa profiles matched with sequences from isolated colonies (Table 3) . From the nine different Microcystis sequences we retrieved, only one (derived from band e3) aligned with sequences corresponding to toxic colonies, five aligned with nontoxic sequences (bands e4 ϭ e5 ϭ e9, e6 ϭ e11, e12 ϭ e15, e8, and e17), and three sequences (e2 ϭ e7 ϭ e13 ϭ e16, e10, and e14) did not correspond to any isolated colony ( Table 3 ). The most prominent bands that were amplified contained sequences corresponding to nontoxic colonies (e4 ϭ e5 ϭ e9, e6 ϭ e11, and e12 ϭ e15) or sequences of unknown toxicity (e10 and e7 ϭ e16). From the seven different sequences retrieved from ITSc profiles, one (derived from band e28) corresponded to a toxic strain, two corresponded to nontoxic strains (e21 ϭ e22 and e25 ϭ e30), and four (e23, e24 ϭ e31, e29, and e26) yielded new sequences that did not match any isolated colony ( Table 3 ). The sequences of two strains that became relatively dominant in scum samples were detected in ITSa profiles (bands e7 and e10) as well as in ITSc profiles (bands e24 and e26).
DISCUSSION
Discrimination of toxic and nontoxic Microcystis based on rRNA ITS gene diversity. Our data show that Microcystis rRNA ITS sequences are sufficiently heterogeneous for differentiation of strains that differ physiologically with respect to toxin production (microcystin producers versus nonproducers). Thus, by analyzing rRNA gene ITS diversity, toxic and nontoxic Microcystis strains can be identified and their ecology can be studied. The correlation between rRNA ITS sequences and microcystin production existed in a diverse array of European and Asian genotypes, which suggests it may be extended to other geographic regions and may possibly be valid worldwide. Genotype analysis by DGGE enabled processing of many samples (without the need to sequence them all), assessment of the purity of isolated cultures or colonies, and analysis of different genotypes in complex natural communities. Genotype analysis by sequencing confirmed the colony classification based on DGGE and enabled the identification of genotypes (characterized as toxic or nontoxic) obtained from isolated colonies or natural samples.
The use of a universal taxonomic marker gene not related to toxin production for recognition of Microcystis strains has several important advantages. First, this approach provides ecologically relevant insights into the dynamics of all cyanobacterial strains that are present in a natural community. Instead of focusing on the limited subgroup of mcy gene-containing Microcystis strains, different toxic and nontoxic strains can be distinguished. Second, even information on the relative toxicity of strains could be implied in the rRNA ITS sequences (provided a correlation with rRNA ITS sequences exists). Besides the ratio of toxic to nontoxic strains, the variants (3) and amount per cell (23) of microcystins that are produced are important factors in determining bloom toxicity. Recently, the production of microcystin variants was found to have a genetic basis (16) . Third, a broader range of strain properties could be characterized through rRNA ITS as colony properties other than microcystin production (such as the production of other, potentially toxic, peptides) may also correlate with rRNA ITS classification. Finally, the use of a universal marker gene did not suffer from problems of diagnostic PCR that can be en- Table  1 ) and cultured isolates (retrieved from the EMBL database and indicated by strain code and accession number). Bootstrap values higher than 50% are indicated. Sequence TC8 was used as an out-group. Sequences from the entire ITSc amplicons (which includes 100 bp in the 16S rRNA) were available from isolated colonies and from the rRNA ITS only for the cultured Asian strain isolates. From a few colonies (K60, K105, and K106) with 2 ITSa DGGE bands and 1 ITSc DGGE band, sequences were compiled from the sequences of excised ITSa bands plus ITSc sequences. This was not possible for colony K112, and for this colony, only sequences spanning the ITSa amplicon were used. The letters following colony numbers refer to morphospecies assignation countered in mcy gene detection. The identification of toxic strains was based on sequence information which was analyzed only after amplification and therefore independent of the detection of a specific gene. In contrast, in a diagnostic PCR, the amplification itself is a crucial step which is sensitive to variations in initial DNA concentration and quality and PCR conditions (notably the number of temperature cycles). The occurrence of contradictory mcyB gene detection, possibly due to PCR inconsistencies, was reported for 5 of 27 parallel samples of microcystin-producing colonies that had been split in half (13) . A prerequisite for the use of rRNA ITS sequences for ecological studies of Microcystis is that all genotypes that can be encountered should be characterized with regard to the strain properties of interest (such as toxin production).
Other colony properties related to rRNA gene ITS diversity. We did not find a relation between rRNA ITS genotypes and the origin of the isolated Microcystis colonies (Table 1) . Although most DGGE classes (or sequences) were derived from strains originating from the same lake (Table 1) , this could be explained by the small number of colonies representing most sequences. If genotypes were represented by several colonies, these originated from different locations (e.g., class 5a/11c). Elucidation of the occurrence of local genotypes would require a more comprehensive sampling at each location for extensive colony isolations and generation of community DGGE profiles. There was also no relation between genotypic classification based on rRNA ITS and morphospecies assignation. Every unique DGGE class (Table 1) or sequence ( Fig. 2) with a considerable number of colonies (Table 1 ) contained representatives of different morphospecies (Table 1) . This is in agreement with the difficulties inherent to morphological identification (see the introduction) and the finding that different Microcystis morphotypes contain toxic and nontoxic strains (21; Via-Ordorika et al., unpublished).
Multiple bands in DGGE profiles. We detected more than one Microcystis sequence in 28% of the colonies we analyzed. An explanation for multiple sequences is contamination by aggregated colonies which were not separated despite thorough washings during isolation. We considered it unlikely that FIG. 3 . Cyanobacterial community composition of lake water samples analyzed by ITSa and ITSc DGGE. Samples were taken from Lake 't Joppe (J) in June, August, and September 2001 and from Lake Zeegerplas (Z) in June and August. S following the sampling date (day.month [06, June; 08, August; 09, September]) signifies scum samples. M, marker lane. Bands that yielded useable sequences after excision, reamplification, and sequencing are numbered. Table 3 contains more information about these sequences. None a DGGE gels from natural samples are shown in Fig. 3 . Each row contains identical sequences (ITSa sequences were compared with the 5Ј region of the longer ITSc fragments). In the last column, colonies with sequences identical to those of excised bands are presented. Toxin production in these colonies is indicated as follows: (ϩ), toxic; (Ϫ), nontoxic.
b Not an exhaustive list; there were more colonies for which the sequences matched equally well. (21) argue against the presence of two different operons in a proportion of strains. The alternative explanations for multiple bands per colony may be true for different colonies. Some colonies may have consisted of aggregated strains, as was supported by the presence of even three different sequences in colony K119, the presence of additional sequences of low intensity (e.g., colony K70) (Fig. 1) , or the occurrence of sequences as the sole sequence in one colony and as one of two sequences in another colony (e.g., K46 and K47-u). Conversely, the multiple bands in several colonies could be well explained by a single base pair substitution (e.g., colonies K41, K47, K99, and K139) or an insertion/deletion at one location (K17) in one operon (of two present).
The possible presence of aggregated colonies in a considerable portion of the carefully isolated and washed colonies, highlights that restriction fragment length polymorphism patterns or sequences from any gene obtained from such colonies (13) need to be interpreted with caution. A few isolated colonies (e.g., K78) probably contained a mixture of sequences even if they generated one band on ITSa and ITSc DGGE, as judged from the many ambiguous base calls obtained from sequencing. Toxin data from such colonies are impossible to assign to sequences unless the excised fragments are cloned. Unequivocal correlation of toxin production to a particular sequence was not possible for toxic colonies containing multiple sequences. While two sequences derived from a nontoxic colony could both be linked to nontoxic Microcystis, one of the sequences from a toxic colony could be derived from a nontoxic contaminant.
Natural samples. We analyzed ITSa DGGE profiles in addition to ITSc profiles because they offered useful supplementary data for identification of toxic and nontoxic genotypes. Greater differences in melting behavior of the smaller ITSa amplicons made the detection and isolation of bands easier. Moreover, the partial rRNA ITS sequences covered by ITSa were sufficiently resolving for the recognition of toxic and nontoxic genotypes from all of our colonies (data not shown) and could thus be confidently applied to our studied lakes ( Fig. 3; Table 3 ).
Microcystin concentrations in the water column of lakes 't Joppe and Zeegerplas were undetectable or well below the 10 g/liter guideline for safe recreational waters (3), but in scums, this concentration was far exceeded. In both lakes, the number of Microcystis cells increased during the summer. Cell counts for the genera Anabaena and Aphanizomenon decreased after June, as was confirmed by the disappearance of their corresponding bands from DGGE profiles (Fig. 3) . Although care is needed in quantitative interpretations of DGGE bands, the similar DNA isolation and amplification efficiencies (see above) likely result in a good correlation between the proportion of Microcystis genotypes and DGGE band intensities. Prominent bands in DGGE profiles from natural populations will therefore represent the most abundant Microcystis genotypes. A nontoxic strain (bands e4, e5, e9, e21, and e22) appeared to be abundant in all samples from 't Joppe, and a strain of unknown toxin production (bands e2, e7, e13, e16, and e24) was present in June and August but had disappeared in September (Fig. 3 and Table 3 ). Bands derived from toxic strains were detected only in the samples from June (bands e3 and e28) and not in the samples from August and September, when Microcystis reached the highest densities ( Table 2 ). In contrast, many nontoxic strains were identified in the profiles from August and September (e6, e8, e11, e12, e15, e17, e22, e25, and e30). Most of the toxic colonies isolated from these lakes (90%, 29 of 32) originated from the June samples, and most of the nontoxic colonies (70%, 9 of 13) originated from the August and September samples. Together, these data could suggest that while in the beginning of a bloom toxic colonies were relatively dominant, they were out-competed when the bloom progressed. This is in agreement with the negative correlation between microcystin content per cell and Microcystis abundance during a bloom that was found by Welker et al. (30) . However, the microcystin concentrations and cell numbers that were measured at our sampling dates did not fully substantiate this correlation, since the increasing Microcystis populations in Lake 't Joppe had the highest microcystin content per cell in August (Table 2) .
Some colonies had accumulated in scums, as evidenced by their dominance in DGGE profiles of scum samples compared to water column samples (Fig. 3) . Accumulation in scums could be due to a greater capability for gas vesicle formation of these strains or to an increased sinking rate of other strains. Cell density changes resulting from the accumulation of polyglucose ballast are dependent on irradiance and turbulence and may take place in the course of a day (29) . It would be interesting to study the distribution of strains over the scum and water column throughout a day, but this requires more intensive sampling. The dominant bands in scum samples appeared to correspond to nontoxic colonies (bands e12 and e25) or colonies of unknown toxin production (bands e7, e10, e24, and e26). The latter strains may be expected to be toxin producers, since the microcystin concentration per cell was higher in scums compared to the water column (Table 2 ) while no higher abundance of known toxin producers was observed. Alternatively, low numbers of high-toxin-producing genotypes may be present that do not give rise to major bands in DGGE profiles yet have a large impact on overall toxin concentration.
The number of different Microcystis sequences that could be distinguished in ITS DGGE community profiles of water samples was lower than the number that had been identified based on isolated colonies. For instance, in ITSa profiles from 't Joppe, we detected 12 Microcystis genotypes (Fig. 3) while the colonies isolated from this lake were differentiated into 18 3986 JANSE ET AL. APPL. ENVIRON. MICROBIOL.
groups based on ITSa (Table 1) . This indicates that the colony isolation procedure also yielded less-abundant genotypes.
Other discrepancies also signified a bias in the isolation or processing of colonies. While most isolated Zeegerplas colonies were identified as microcystin producers, two dominant sequences from the Zeegerplas profiles (bands e15 ϭ e30 and e17) corresponded to nontoxic colonies and two other dominant sequences (bands e13 ϭ e16 and e14) corresponded to colonies of unknown toxicity ( Fig. 3 and Table 3 ). Possibly, selectivity against small colonies of the isolation procedure (Via-Ordorika et al., unpublished) resulted in preferential isolation of larger colonies, which are more often toxic (12) . Also, the abundance in many community profiles of (identical) bands e2, e7, e13, and e16 should have resulted in the isolation of the corresponding colonies. An explanation for the resistance of these Microcystis strains to isolation could be their formation of small or no colonies that are missed by the colony isolation procedure yet are detected in community profiles which are generated from filtered water samples. A more intensive sampling and colony isolation study is required to elucidate the sequence identity of all bands in the community profiles and thereby substantiate insights in the dynamics of Microcystis genotypes. All participants of the European Union workshop CYANOTOX and TOPIC (project no. ENV4-CT98-0802 and FMRX CT98-0246, respectively) are acknowledged for their efforts in isolating and identifying Microcystis colonies. L. Via-Ordorika is gratefully acknowledged for supplying mcy gene PCR data.
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